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Abstract 
When scientific concepts are learned as discrete science concepts learners fail to know how the 
concepts are related to each other. Learner conceptual understanding is enhanced when teachers 
develop a sense of continuity and coherency in learners as they teach one topic to another. After 
realising that pre-service teachers compartmentalise concepts and fail to show relationships 
between concepts as evidenced from their failure to teach the concepts accordingly, the 
researcher tasked 115 pre-service Life Sciences teachers to conceptualise and articulate the 
integration and progression of Life Sciences concepts from Grade 10-12 in groups of six. The 
study investigated how pre-service teachers articulated the way they conceptualised this 
integration and progression. Thematic analysis of the responses, from the 10 groups who 
selected the topic Cells, showed that pre-service teachers could articulate the integration and 
progression of concepts from Grade 10 - 12 to a certain extent. It was evident that they needed 
to acquire a deeper understanding of Life Sciences concepts in order to explicitly interconnect 
them. The study informs teacher professional development programmes of strategies that 
engage teachers in activities that stimulate them to identify areas for development. 
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Introduction 
This paper introduces the strategy of developing pre-service teachers to view and teach Life 
Sciences concepts in a holistic manner rather than as codified, discrete sections or categories. 
It is believed that learning results from the integration between what the learners are taught and 
their current ideas or concepts (Ausubel, 1968). Development of continuity and coherency in 
understanding scientific concepts is key throughout high school years (American Association 
for the Advancement of Science [AAAS], 1999, 2007).  
 
Integration acknowledges and builds on the relationships which exist among all concepts 
within and across grades. The most important single factor that influences learning is what the 
learner already knows (Ausubel, 1968), which the teacher should take into consideration when 
planning and teaching. As such, Ausubel suggested that when meaningful learning occurs, it 
produces a series of changes within the learners’ cognitive structures, thereby modifying 
existing concepts and forming new linkages between concepts. There is an emphasis on the 
influence of learners' prior knowledge on subsequent meaningful learning.  
 
Literature 
The longitudinal development of big ideas has been promoted through learning progressions, 
which are described as successive and sophisticated ways in which one thinks about the topics 
that follow one another during the learning process (National Research Council, 2007). In the 
current study, the researcher is not assessing learning progressions of learners but is rather 
assessing pre-service teachers’ abilities to identify, conceptualise and articulate the progression 
of concepts within and across three grades in a particular Life Sciences topic. An assessment 
approach intended for measuring a construct called knowledge integration (Lee & Liu, 2010) 
will be used. Knowledge integration construct is defined as knowledge and ability to create and 
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relate science concepts when explaining a scientific phenomenon or justifying claims for a 
scientific problem (Liu, Lee, Hofstetter, & Linn, 2008). In this case pre-service teachers’ 
development or progress in understanding is seen as they elicit and elaborate more connections 
among scientific concepts. 
 
The study used the spiral curriculum as the conceptual framework which was first described 
by Bruner (1960). A spiral curriculum is where concepts, themes, topics or subjects are 
revisited iteratively throughout the learning programme (Harden & Stamper, 1999).  Therefore 
the content is not repeated at different stages but rather deepened with each successive level by 
building on the previous one. As such, operational rigour, level of abstraction and 
comprehensiveness of the concepts increase (Harden & Stamper, 1999). They found that spiral 
curriculum is relevant in integrated and problem-based courses or subjects. This is important 
in Life Sciences because the subject integrates concepts from environmental science, medical 
field when dealing with diseases and utilises context issues from the different communities. 
Hence the value of a spiral curriculum comes from the reinforcement of concepts, coverage 
from simple to complex and integration (Harden & Stamper, 1999). As such, progression is 
ensured.  
 
To ensure meaningful integration of progression of content coverage teachers should use tools 
such as concept mapping. Concept maps are defined as diagrammatic representations showing 
meaningful relationships between concepts in the form of propositions  (Stoica, Moraru & 
Miron, 2011). Vanides, Tomita and Ruiz-Primo (2005) noted that concept maps allow learners 
to understand the relationships between concepts of science as learners get involved in creating 
the visual maps of the connections between science concepts. Teachers can use concept 
mapping as important teaching and learning tools and evaluation techniques that provide 
evidence about what learners know and understand as a result of instruction received in the 
classrooms (Hilbert & Renkl, 2008). Often learners engage with the learning of science 
concepts but fail to know how the concepts are related to each other. As such, Akcay (2017) 
acknowledged the important role concept mapping plays in aiding learning by explicitly 
integrating new and old knowledge. Through the use of concept mapping learners visualise the 
relationships between science concepts in a systematic way. Concept maps can be used as an 
evaluation tool to determine changes and growth in the learners’ conceptual understanding. 
Teachers can also use concepts maps as tools in planning curriculum and instruction in order 
to represent the structure of science content. 
 
In the current paper information on only one topic (Cells: The basic units of life) is reported. 
The task was meant to gauge pre-service teachers’ mastery of the concepts they teach and to 
examine their understanding of learners’ conceptions of the cell. The cell concept is considered 
unifying because it provides connections between and among all Life Sciences topics. Specific 
Aim 1 of the Curriculum and Assessment Policy Statement (CAPS) stipulates involvement of 
learners in knowledge construction, understanding, and meaning making hence enabling 
learners to make many connections between the ideas and concepts (Department of Basic 
Education, 2011).  
Purpose of study 
CAPS stipulates that in the process of acquiring knowledge learners should be assessed to 
determine whether they “understand and make connections between ideas and concepts to 
make meaning of Life Sciences” p.14. Mindful of this, the current study aims to determine pre-
service teachers’ conceptualisation of the Life Sciences curriculum in terms of integration and 
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progression of topics. It is only when teachers can articulate the connections between concepts 
that they can teach and assess appropriately to achieve the curriculum requirements.  
To achieve this aim the following research questions were set: 
1. How do pre-service teachers conceptualise and articulate the integration and 
progression of the concept of the cell from Grade 10-12? 
2. What pedagogical and content knowledge aspects can be drawn from such an analysis 
for the development of pre-service Life Sciences teachers? 
 
Methodology 
In preparing pre-service teachers in their final year of study, the researcher realised that these 
pre-service teachers compartmentalise concepts and fail to show relationships between 
concepts as evidenced from their failure to teach the concepts accordingly. The researcher’s 
concern was also pointed out by Sadler (2013) that many college-level educators and scientists 
worry that weaknesses exhibited by high school learners in science knowledge are as a result 
of a lack of that knowledge by their science teachers. 
Using qualitative case study research design, all 115 Bachelor of Education 4th year students 
enrolled for the module methodology and practicum FET Life Sciences were selected to take 
part in the study. In the previous three years, they studied the theories of teaching and learning 
and content on all the topics in the CAPS Life Sciences document. 
In groups of six the pre-service teachers were tasked to use the CAPS document and relevant 
textbooks to select a single topic in grade 10, show how the concepts within the topic were 
integrated within other topics/concepts in grade 10 (horizontal integration) and within other 
topics/concepts in grade 11 and 12 (vertical integration). The task was twofold, firstly the 
researcher intended to determine the level of conceptual understanding of the topic they 
selected and secondly to enable them to build a holistic approach in teaching Life Sciences. 
The task was not used for grading purposes hence it did not contribute towards their final 
marks. Each group had to produce a report of their conceptualisation after two weeks. Figure 
1 below shows the conceptualisation of the expected integration and progression.  
 
  
 
 
 
 
 
Figure 1: Diagrammatic representation of the conceptualisation of the expected integration and 
progression. 
This was a compulsory activity as it prepared and familiarised the pre-service teachers with the 
Life Sciences curriculum document and the relationship between concepts. Out of a total of 
115 pre-service teachers (19 groups), 10 groups selected the topic Cells. This became the 
sample because their topic is considered important as the foundation of all other Life Sciences 
Grade 12 
concepts 
Grade 11 
concepts 
Grade 10 
topic 
Concept 2 
Concept 5 
Concept 1 
Concept 4
Concept 3
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concepts. Table 1 shows the summary of the group members who were all Black Africans of 
mixed abilities. 
 
Table 1: Summary of participants  
 
Group Gender 
Males Females 
1 4 2 
2 3 3 
3 2 4 
4 6 0 
5 3 3 
6 1 5 
7 1 5 
8 4 2 
9 3 3 
10 5 1 
Total 32 28 
 
After submission of the reports, in a process to enhance learning through self-assessment (Boud 
& Falchikov, 2006), the pre-service teachers compared their group’s report with the other 
groups’ reports using a rubric, which the researcher reproduced for the whole class. The 
participants were guided by the following questions ‘how did I do it?’, ‘was this enough?’, 
‘was this right?’, ‘how can we tell?’, ‘Should we have gone further?’ (Boud, 1995). Each group 
compiled a reflection report. Boud and Falchikov defines self-assessment as “a process of 
formative assessment during which students reflect on and evaluate the quality of their work 
and their learning, judge the degree to which they reflect explicitly stated goals or criteria, 
identify strengths and weaknesses in their work, and revise accordingly” (p.160). In this act of 
questioning and judging themselves and making decisions, the researcher then engaged the 
participants in a reflection discussion where they were asked to share their experiences of 
conceptualising the horizontal and vertical integration of the topic Cells, to check for 
progression. These discussions were audio-recorded. 
The reports and the transcribed audio-recordings of the discussions were analysed using 
thematic analysis (Lincoln & Guba, 1985;  Nowell, Norris, White & Moules, 2017) and 
common patterns drawn. Analysis involved identifying aspects on integration between 
concepts, progression within topics and grades and pre-service teachers’ strengths and 
weaknesses in terms of conceptual and pedagogical understanding.  This enabled the researcher 
to examine the perspectives of different pre-service teachers and to highlight the similarities 
and differences in their responses (Braun & Clarke, 2006; King, 2004). To ensure validity and 
reliability of the analysis, the researcher involved a colleague to analyse separately and 
discussed any differences that arose. The participants were allowed to engage with the findings. 
This was done as feedback to enhance further professional development and at the same time 
to authenticate the analysis. To establish trustworthiness during thematic analysis the six phases 
of thematic analysis by Nowell et al (2017), were followed.  
 
Findings and discussion 
From the analysis of the pre-service teachers’ reports and reflections, findings on how pre-
service teachers conceptualise and articulate the integration and progression of the concept of 
the cell from Grade 10-12 is presented in Tables 1, 2 and 3. The pedagogical and content 
5 
 
knowledge aspects of the pre-service teachers were also drawn from the reports and their 
reflections of the activity, which provided an opportunity for their professional development. 
Whilst working on that task, the participants engaged with the Life Sciences content, 
interpretation of the curriculum and also in metacognitive reflection of how best the concepts 
could be taught to the learners meaningfully. It was notable that such a task provided the 
participants with an opportunity to enhance both their content and pedagogical knowledge of 
the subject. 
 
Whist the reports were not exhaustive of the different ways that the topic Cells is integrated 
with other topics in Grade 10-12, the participants showed quite a reasonable level of 
integration. Table 1 shows how concepts are connected to other Grade 10 concepts under eight 
other topics: molecules of life, cell division, plant and animal tissues, support and transport 
systems in plants and animals, biosphere to ecosystems, biodiversity and classification and the 
history of life on earth. 
Table 1: Horizontal Integration with other Grade 10 topics/concepts 
Topic Connections with the cell 
Molecules for life Carbohydrates, lipids, proteins and nucleic acids are constituencies of cell organelles. 
Cells are made up of organic and inorganic compounds. 
Cell membranes consist of the phospholipids. 
Molecules relate to cells in that monomers are produced within the cell. 
Cell Division: Mitosis Occurs in the somatic cells.  
Focuses on the nucleus more than any other organelle of the cell. 
Allows growth and multiplication of somatic cells.  
Aids in the replacement of worn out or damaged cells. 
Enables growth and reproduction of unicellular organisms. 
Plant and animal 
tissues 
Tissues are made up of a combination of cells, which perform similar functions. 
Connective tissue, red and white blood cells. 
Macrophages and lymphocytes are specialised cells involved in the immune 
system. 
Epidermal tissues (upper and lower epidermal cells of the leaf), play an important 
role in life processes.  
Support and transport 
systems in plants 
Xylem and phloem vessels are made of specialised cells to perform various 
functions in transporting substances and providing support. 
Support systems in 
animals 
Skeletal tissues (bone, muscle, cartilage) are made up of specialised cells. 
Skeleton in animals serves as the production site for blood cells.  
Transport systems in 
mammals (Human) 
Blood (medium of transport) is made of cells (red and white blood cells). 
Blood vessels (capillaries, veins, arteries), are made of cells. 
Biosphere to 
ecosystems 
Biotic factors such as producers, consumers and decomposers, which represent 
different trophic levels, are made of different cells specialised for particular 
functions.  
Biodiversity and 
classification 
Classification of plants and animals is based on their cell structure e.g. eukaryotic 
cells and prokaryotic cells. 
History of life on earth Evidence of certain key events in life’s history are based on the cell e.g. evidence of 
earliest forms of life such as single-celled fossilised bacteria and early plant life. 
 
In trying to show the relationship, one group wrote, ‘The monomers of molecules can be 
compared to cells, where the monomers are building blocks of polymers, cells are the building 
blocks of organs’. Another group likened cells to atoms in that as atoms form molecules and 
then elements and compounds, cells form tissues, organs, organ systems and then organisms. 
These organisms are part of a population, a community, an ecosystem, biome and lastly 
biosphere. The plants and animals (made of cells), later form fossils, which are trapped under 
layers of sand and clay (Clitheroe, et. al., 2013), which becomes a topic of concern in Grade 
10 under history of life on earth and in Grade 12 under evolution.  
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Table 2 shows how the topic Cells: The basic units of life, is integrated with eight other topics 
in Grade 11, which are biodiversity and classification of microorganisms, reproduction in 
plants, biodiversity of animals, energy transformations to sustain life (photosynthesis and 
respiration), animal nutrition (mammals), gaseous exchange and excretion in humans. 
Table 2: Vertical integration with Grade 11 topics/concepts 
Topic Connections with the cell 
Biodiversity and 
classification of 
microorganisms 
Microorganisms are classified based on the number of cells they are made of 
e.g. unicellular, multicellular and also on whether their cells have true nucleus 
e.g. prokaryote and eukaryote. 
Reproduction in plants Asexual and sexual reproduction occur in different plant groups, identified by 
their cellular structures. Gametes are sex cells. 
Biodiversity of animals 
with a focus on six of the 
major phyla 
Specialisation of cells within different organisms as some micro-organisms 
have more specialised cells than others. 
Animal body plan is differentiated by the different cells in the different tissue 
layers developed from the embryo. 
Energy transformations 
to sustain life 
(Photosynthesis) 
Photosynthesis largely focuses on the chloroplast more than any other organelle 
of the cell. 
Animal nutrition 
(Mammals) 
Processes such as ingestion, digestion, absorption, assimilation and egestion 
occur as a result of specialised cells that form various organs and also those 
which secret required substances.  
Cells broadly discussed according to their functions. 
Energy transformations 
to sustain life 
(Respiration). 
More focus is on the mitochondrion as an organelle of a cell. 
Explores the cell structure, the organelles, and the different roles of the 
organelles. 
Cell structure is used to explain the three cellular respiration phases. 
Glycolysis takes place in the cytoplasm of the cell. 
Krebs cycle occurs in the stroma of the mitochondrion in the cell and the 
electron transport chain in the cristae of the mitochondria in the cell.  
Gaseous exchange Takes place between the blood, cells and the environment. 
Discussion of how different organisms have specialised cells (tissues) that allow 
gaseous exchange in different media e.g. fish in water; how plant cells are 
arranged for gaseous exchange.  
Excretion in humans How the different organs, the lungs; the kidneys and bladder; the liver; the 
alimentary canal (gut); and the skin, have specialised cells (tissues) that allow 
excretion of various waste substances. These waste substances are products of 
life processes that take place in various cells. 
 
The different groups showed that basically, the Grade 10 topic, Cells: The basic units of life, 
forms the foundation knowledge to have deeper understanding of the different topics in Grade 
11. They indicated that a learner who does not have firm knowledge about cells in Grade 10 
would have difficulties in understanding all topics in Grade 11. To show this connectivity, 
patterns were drawn using the topic photosynthesis. They articulated in their reports how the 
concepts build from the cells to allow learners to understand the concepts once they are in 
Grade 11. For instance they mentioned that concepts on photosynthesis are relatable to the 
concepts learned at Grade 10 level where the focus is on cell organelles that differentiate the 
plant cell from the animal cell, and then explore the cell structure, the organelles, and the 
different roles of the organelles. Then, later in the same grade learners explore the process of 
transpiration in relation to how it supports the process of photosynthesis in terms of osmosis 
and diffusion that occurs in cells. In grade 11, cells are further explored along with 
photosynthesis where the focal point is on how specialised leaf cells and tissues are involved 
in photosynthesis for example mesophyll cells containing a dense network of chloroplasts 
arranged systematically to trap light (light dependent reaction) and guard cells controlling the 
opening and closing of stomata to allow gaseous exchange (carbon dioxide for the light 
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independent reaction).  Such articulations showed how the pre-service teachers drew on their 
content and pedagogical knowledge. 
There were other examples articulated in the reports which showed connections between the 
cells and other Grade 11 concepts. These included topics such as respiration, which the pre-
service teachers mentioned that from the very beginning of Grade 10, as learners engage with 
content on cell organelles, they already focus on how the structure of the cell and mitochondria, 
are suitable for the various stages of cellular respiration. The cells are shown in gaseous 
exchange where ventilation of lungs relies on the specialised cells that should facilitate gaseous 
exchange for example the alveoli of the lungs and the one-cell thick epithelial cells of the blood 
capillaries.  They indicated that in classification, the cell concept is further broadened in topics 
such as biodiversity of plants where plants are classified based on the presence or absence of 
certain tissues such as xylem, phloem, epidermal tissue, ground tissue to name a few, which 
form part of the vascular tissue (conducting and transporting tissues) and supporting tissues 
such as collenchyma tissues. Under biodiversity of animals, cells are used to classify animals 
where the number of tissue layers in the body plan classifies organisms into different phyla. 
One of the groups wrote, ‘Even though the study of cells is not covered directly as a topic in 
Grade 11, there is evidence of how it is covered throughout other topics as the learners are 
forced to always go back to different types of cells in different organisms, both plants and 
animals’. 
 
Table 3 shows how pre-service teachers articulated the integration of the cell with concepts 
covered in Grade 12 under seven topics: DNA: The code of life; meiosis; reproduction in 
vertebrates and humans; genetics and inheritance and the nervous system. 
 
Table 3: Vertical integration with Grade 12 topics/concepts 
Topic Connections with the cell 
DNA: The code of 
life 
Found in the nuclei of cells. 
Controls the activities of the cells. 
DNA replication and transcription occur in the nuclei of the cells. 
Protein synthesis involves the organelles of the cells (e.g. nucleus, mRNA, tRNA, 
Endoplasmic reticulum, ribosomes, and Golgi apparatus).  
Meiosis Plant and animal sex cells undergo meiotic division. 
Gametogenesis involves formation of gametes, sex cells. 
Reproduction in 
vertebrates 
Diversity of reproductive strategies is as a result of various specialised cells which 
allow for ovipary, ovovivipary, vivipary for example. 
Human reproduction Egg and sperm are cells which fuse to form a diploid zygote, which then develops 
into an embryo, foetus and eventually an infant. 
Genetics and 
inheritance 
Genes are on specific portions of DNA, which is in the nuclei of cells. 
Sex chromosomes, and sex-linked alleles and sex-linked diseases are all as a result of 
DNA in the nucleus of a cell. 
Mutations occur on genes in the cells. 
Nervous system It is because of special cells (nerve tissue) which can respond to the changes in their 
environment that the nervous system exists. 
Discussion of the structure of nerve tissues such as sensory neurons, relay neurons 
and motor neurons refers to the general structure of the cell covered in Grade 10. 
All receptors (e.g. eye, ear, skin) are organs made up of cells. 
Human endocrine 
system 
Endocrine cells and tissues e.g. Islets of Langerhans, pituitary gland cells produce 
and secrete hormones. 
These hormones stimulate other cells to initiate the required response. 
Homeostasis in 
humans 
Maintenance of a constant, optimal internal environment occurs because of 
specialised cells in particular organs e.g. the skin and the pancreas. 
Plant responses to  
environment 
Plant hormones e.g. auxins effect changes in other plant cells in terms of growth and 
responses to different stimuli such as light. 
Evolution by natural 
selection 
Evolution (change) through natural selection is linked to genetics, which involves 
DNA. 
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Speciation is a biological process, which comes about because of various cells and 
tissues. These cells enable interbreeding producing viable off springs in a species. 
Human evolution Based on anatomical differences and similarities between African apes and humans. 
Genetic evidence: mitochondrial DNA. 
 
One of the patterns well-articulated by pre-service teachers was the relationship between cells, 
particularly the chromatin material and other topics/ concepts in Grade 12. Figure 1 shows the 
integration and progression.  
 
 
     
                                            
 
 
Fig. 2:  A pattern drawn to show connections between the cell and other topics in Grade 12.  
 
The figure shows clearly how from the nucleus of the cell (work covered in grade 10) learners 
were made aware of the two types of cell division. In grade 12 they now go deeper into Meiosis 
which is a specialised type of cell division that reduces the chromosome number by half, 
creating four haploid cells, each genetically distinct from the parent cell that gave rise to them. 
On this note, Wessels (2014) recommended that at the beginning and conclusion of each lesson, 
teachers need to engage learners in integrating the background knowledge to the newly 
acquired content knowledge.  
 
Pre-service teachers’ shortcomings 
Analysis of the reports helped to unravel the pre-service teachers’ lack of understanding of 
scientific concepts, which were not anticipated. Examples of such pre-service teachers’ 
shortcomings are presented in table 4 as use of non-scientific terminology, which is critical as 
Life Sciences has its own language (Wessels, 2014), and misconceptions which previous 
research has labelled as critical as teachers have been found to be possible sources (National 
Research Council, 1997).  
 
Table 4: Pre-service teachers’ shortcomings 
Use of non-scientific terminology Misconceptions 
 Identical cells that were 
produced during the process 
of mitosis are now being 
reduced during the process 
of meiosis 
 Referring to a haploid cell as 
a half-cell. 
 Neurons are data handling 
cells of the nervous system 
 The single DNA strand 
picks up free nucleotides 
from the nucleotide pool 
 Digestion is the conversion of 
large insoluble molecules 
into smaller molecules 
 
 That the cells in the small intestines also secrete hormones 
that regulate pancreatic activity 
     Referring secretion of gastric juices in the stomach as 
excretion 
     Referring to a leaf as an organelle or organism  
     Chromosomes are one of the organelles  
     The DNA of a prokaryotic cell consists of a solitary 
chromosome 
     Equating mitosis with cell division 
     Islets of Langerhans are cells of the pancreas that excrete 
the hormone insulin and glucagon. 
    Equating a plant to a tree. 
    Discussing protein synthesis under nutrition 
   Viruses are not cells, but they are made up of a single cell 
(unicellular). 
 Organs may be made of single or many cells. 
 
Sex cell and its 
chromatin 
material in the 
nucleus 
Mutations 
Evolution 
by natural 
selection
Genetic 
variation Meiosis (Gametogenesis
Reproduction  
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Because science presents a language that is very distinctive in itself, as learners engage with 
new concepts in science, it is important that they learn new vocabulary to go along with those 
concepts (Wessels, 2014). Bravo, Hiebert and Pearson (2007) noted that as a content area, 
science is unforgiving in terms of the constant need to build knowledge and the technical 
terminology needed to express that knowledge. Therefore it is important for Life Sciences 
teachers to use the right scientific terminology when teaching. The pre-service teachers failed 
to use proper scientific terms which if not corrected, can be transferred to the majority of their 
learners. Examples include: ‘The cell membrane form a bilayer that separates the inner 
contents of the cell from the outer and is responsible for every transaction between the neuron 
and its surroundings’. The use of the word transaction to depict the movement of 
neurotransmitter substances in and out of the neuron distorts the meaning of neurotransmission. 
At the same time misconceptions affect in a fundamental sense how learners understand natural 
phenomena and scientific explanations. Treagust, Duit and Fraser (1996) consider concept 
maps to be an invaluable aid to concept formation. 
 
 Pre-service teachers had problems in that instead of articulating the integration, they resorted 
to giving details of the content of the different topics. It was noted that some of the pre-service 
teachers simply showed the topics and concepts where cells are involved. They did not make 
an effort to explicitly explain the integration yet the task did not require the details of each 
content as such but conceptualisation of how cells are integrated in each topic.They failed to 
show the integration and progression of concepts, which could be problematic when they are 
teaching these concepts to their learners. According to Zirbel (2001) learning is a mental 
process, which is dependent on how addition of new ideas get integrated into the old knowledge 
(a process Piaget called ‘assimilation’). Therefore the whole learning process involves the 
integration, re-organization and creation of new mental structures (Zirbel, 2001). Deep 
understanding of concept refers to how concepts are “represented” in the learner’s mind and 
most importantly how they are “connected” with each other (Grotzer & Mittlefehldt, 2012). As 
such, Boardman, Arguelles, Hughes and Klingner (2005) posited that teachers should provide 
learners with a concrete system to process, reflect on, and integrate information. 
 
Analysis of the reports also revealed how teachers sometimes fail to accurately provide 
definitions appropriate for the level they are teaching. It is unfortunate that they think the use 
of descriptions done at lower levels can be referred to as use of prior knowledge. Examples 
include where one group surprisingly defined photosynthesis as, “a process whereby carbon 
dioxide combines with water, using light energy to form glucose and oxygen”. In as much as 
such a definition made sense at lower grade level, at high school level, it is a misrepresentation 
of the process of photosynthesis, and it brings a lot of misconceptions in learners. Another 
example is of one group which defined sexual reproduction as, “a process of the production of 
new living organisms by combining genetic information from two individuals of different types 
(sexes)”. 
 
Pre-service teachers’ reflections after the analysis activity  
In a lecture after reports had been presented, the researcher engaged the pre-service teachers in 
a discussion where they reflected on their experiences in doing the activity. The following 
questions (Boud, 1995) guided the reflection as indicated in the methodology section: ‘how did 
we do it?’, ‘was this enough?’, ‘was this right?’, ‘how can we tell?’, ‘Should we have gone 
further?’ One of the participants stated, ‘In all the years I have been taught Biology, it never 
occurred to me that these concepts are so interconnected though at the back of my mind I knew 
they did’.   The participants mentioned that relating concepts and tracing the progression of the 
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concepts from one topic or grade to another is more likely to ensure learner acquisition, 
comprehension, retention and application of the scientific concepts taught. They were also 
convinced that the task improved their content knowledge as they were forced to engage with 
the content and curriculum thoroughly in order to deduce the interconnectedness of concepts. 
It is clear that the task required pre-service teachers to interpret the Life Sciences CAPS 
document in a meaningful way, which prepared them for the real classroom teaching process.  
 
Some of the concluding remarks drawn out by the participants were that: 1.  there is evidence 
that the cell  is a topic that integrates with all concepts and topics; 2. the concepts and 
terminology taught with regards to the cell are vital and should be emphasised, as content 
progression occurs throughout the grades; 3. because the CAPS document sets out topics in a 
coherent, logical manner allowing for the scaffolding of new knowledge, teachers should be 
skilled in interpreting the curriculum properly; 4. teachers should teach in such a way that 
learners understand and relate to new content taught; and 5.  learners need an in-depth 
understanding of prior topics taught for them to engage meaningfully with new concepts. 
From these reflections it shows that the pre-service teachers realised the knowledge and skills 
they still needed to acquire and develop respectively to prepare them fully for the real 
classroom situation. Through this self-assessment, the pre-service teachers identified their 
shortcomings in terms of content knowledge and pedagogical skills. It is envisaged that they 
will continue to engage in such self-assessment practices in their teaching as qualified 
practising Life Sciences teachers. This is because self-assessment goes beyond discussion of 
technique and strategy and it is more than simply an addition to the teaching and learning 
repertoire (Boud, 1995). 
 
Conclusion and implications 
The study sought to determine pre-service teachers’ conceptualisation of the Life Sciences 
curriculum in terms of the integration and progression of concepts under the topic Cells: The 
basic unit of life, with other topics and concepts in Grade 10, 11 and 12. The study investigated 
how pre-service teachers articulated the way they conceptualised this integration and 
progression and pedagogical and content knowledge aspects that could be drawn from such 
conceptualisation for the development of pre-service Life Sciences teachers. 
 
An analysis of the reports from the nine groups of pre-service teachers showed that they could 
articulate the integration and progression of concepts from Grade 10 to 12 to a certain extent. 
It was evident that they needed to acquire a deeper understanding of Life Sciences concepts in 
order to explicitly interconnect them. It could be interpreted that the findings portray that lack 
of teacher knowledge and skills to integrate Life Sciences concepts (in this case those that can 
be integrated with the cell concept) compromises teacher’s ability to teach the concepts 
meaningfully to the learners.  There were some unanticipated issues that emerged from the 
findings that included pre-service teachers’ failure to use proper scientific terminology and 
how they portrayed misconceptions in their reports.  
 
From the reflections pre-service teachers engaged in some self-assessment process where they 
realised their shortcomings. They itemised several practices that teachers must engage in to 
allow meaningful learner conceptual understanding, which they realised from the analysis 
activity. These included the need for teachers’ abilities to interpret the curriculum document 
properly, use of appropriate scientific terminology for the topic and a focus on learners’ need 
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for an in-depth understanding of prior topics taught for them to engage meaningfully with new 
concepts. 
The findings of this study inform teacher educators and in-service teacher professional 
development providers to engage teachers in self-assessment activities which enable them to 
identify their capabilities and shortcomings for professional development process. The study 
also informs both pre-service and in-service teachers of their role in ensuring learner 
understanding of concepts.  
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